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ABSTRACT

Introduction: Laparoscopic instruments and techni-
ques are constantly improving, as the ability to perform
minimally invasive surgery is crucial in modern medi-
cine. The progression from open surgery to minimally
invasive surgery over the years eventually led to the use
of robotic devices to either assist or completely replace
patient-side surgery with a separate console. Though
robotic surgery has been praised for its surgical out-
comes, certain situations limit its use, such as cost-effec-
tiveness or physical space constraints. The objectives of
this review were to perform a search and discuss the
trends in the literature.

Methods: A literature search using keywords ((laparo-
scopic) OR (laparoscopy) OR (minimally invasive))
AND ((instrument) OR (instrumentation) OR (tool) OR
(device) OR (apparatus)) AND ((advancement) OR
(upgrade)) AND ((hysterectomy) OR (prostatectomy)
OR (transoral) OR (cholecystectomy)) AND (robot) in
PubMed, looking for trends in advancements or
appeals for change.

Results: This search provides a framework for these trends
to facilitate discussion of ways in which laparoscopic sur-
gery can be improved using the benefits of robotic surgical
systems. This allows others to approach the successes of

the current robotic systems for laparoscopic surgery with
the intention of deriving advancements toward traditional
laparoscopic surgery.
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INTRODUCTION

Background

Minimally invasive surgery (MIS) has been evolving
since the early 1900s, when a laparoscopic procedure
was first performed by George Kelling in vivo.1

Although successful attempts in human patients were
made by Kelling and other surgeons, ubiquitous appli-
cation was slow. Discounting possible improvements to
this field stemmed from the fear of risking complica-
tions and possibly worsening outcomes, propagated by
higher incidence once laparoscopic techniques became
more widespread.1 In the last century, a rise in new
technology forced a change. A study in 1962 discussed
the application of television to endoscopic techniques,
and with further advancements in resolution and minia-
turization there was promise to a future with laparo-
scopic surgery.2 However, it was not until the late
1970s when Dr. Camran Nezhat began to use video
cameras during his procedures that laparoscopic sur-
gery was taken more seriously, though Nezhat had
described the struggle to navigate the criticism of his
colleagues in his presidential address.1

Current Status of Laparoscopic Surgery

Today, performing MIS is no longer unjustifiable.
Considerations for when to perform surgery via open,
laparoscopic, or robotic techniques depends on various
factors. The type of technique used also depends on the
procedure (cholecystectomy, hysterectomy, etc.), severity
of indication (disease progression, low risk/high risk),
and surgical expertise. Complications during surgery can
alter the technique, for example switching from laparo-
scopic to open surgery in the event of severe adhesions
or electing to perform a different technique in the event
of a complicated anatomical variation.3,4
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Another consideration for laparoscopic surgery involves
the instruments or tools used during the procedure.
Certain tools are required in every type of surgical proce-
dure, though some specific surgeries require specialized
tools. All laparoscopic surgery techniques require the use
of an illuminated scope, or laparoscope, which allows for
observation of associated viscera.1 These are generally rigid,
but flexible endoscopes occasionally replace them to allow
for access during single-incision surgeries.5 Advancements in
this area currently surround the use of three-dimensional
(3D) cameras to improve surgical performance.6 Trocars are
used to gain access to the abdominal cavity by puncturing
the musculature and fascia of the abdominal wall with the
sharp edge, allowing for other instruments to pass through a
canal at the core.5 They can be disposable or reusable,
wherein disposable trocars are described frequently to be of
higher quality but generally less cost effective.7,8 Many differ-
ent techniques are used for laparoscopic entry. The two basic
techniques are open or Hasson entry, where the trocar is
inserted prior to insufflation of the abdomen, and the closed
or Veress needle entry, where insufflation is performed prior
to trocar insertion.9

Advancements in Surgical Techniques

Laparoscopic instruments and techniques are constantly
improving, as the ability to perform MIS is crucial in modern
medicine. The progression from open surgery to MIS over
the years eventually led to the use of robotic devices to either
assist or completely replace patient-side surgery with a sepa-
rate console. Robotic surgery gained traction in the 1980s,
starting with Robodoc of Integrated Surgical Systems and cul-
tivated by the US Department of Defense to reduce casual-
ties.10 The system was not available for public use until it was
introduced to private investors in 1993. The first complete
surgical system was developed in 1996, known as ZEUS.10

The first clinical use of ZEUS was in 1999 for a coronary ar-
tery bypass.11 Despite ZEUS having certain advantages, it was
eventually phased out in favor of the da Vinci system.10

The da Vinci Surgical System by Intuitive Surgical, Inc. is the
most widely used robotic surgical system today and utilizes
a master-slave console that allows the surgeon to operate
remotely from the surgical field.12 This system continues to
impress the medical community, and the system is being
used for an increasing number of surgical procedures.13

In addition to its use in surgical procedures, the da Vinci
is used in training settings as a virtual reality (VR) surgical
simulator.14 This is due to the ability of the da Vinci to vis-
ualize the surgical field with 3D view at the master con-
sole. Kiely et. al. showed the application of the da Vinci in

skills simulation to allow for a better transition for train-
ees, specifically in suturing.

The first surgery performed using the da Vinci robotic sys-
tem was in Brussels, Belgium in 2000, after it had been
introduced to Europe in 1997.10 A study performed in 2001
looked at the clinical feasibility of the da Vinci performed
146 surgeries with 11 types of interventions, discussing
operating times and preferred trocar and slave arm posi-
tioning. The study recognized the need for improvement
in both system protocols as well as system design, but
highly praised the da Vinci for its ability to improve ergo-
nomics in ways such as reducing surgeon tremor.15

Despite the predominance of the da Vinci robot, the need to
improve traditional laparoscopy is required due to cost-effi-
cacy, training, or set-up constraints. A 2017 study performed a
cost assessment of robotic surgical systems and found that it
has the potential to becomemore cost-effective; however, cur-
rent financial climates are limiting.16 The da Vinci system has
certain advantages that allow it to improve surgical outcomes;
therefore, efforts should be made to discuss and compare spe-
cific advantages to enhance traditional laparoscopy.

The da Vinci Annual Report of 2019 states that the main
clinical applications for their system are in gynecology
(hysterectomy, sacrocolpopexy), urology (prostatectomy,
partial nephrectomy), general surgery (hernia repair, colo-
rectal surgery, cholecystectomy, bariatric surgery), cardio-
thoracic surgery (thoracic surgery, mitral valve repair),
and head and neck surgery (transoral surgery).13 This
review will narrow the discussion to the four most com-
monly researched da Vinci surgeries: cholecystectomies,
hysterectomies, prostatectomies, and transoral surgeries.

One of the first noticeable advantages of the da Vinci, in a
study conducted only a year after its initiation, concluded
an improvement in complications with ergonomics as seen
in traditional laparoscopic surgery by eliminating the need
for the surgeon to keep instruments stationary.15 Other fea-
tures of robotic surgery that can be extrapolated to tradi-
tional laparoscopic surgery were explored in this review.

METHODS

This literature review used PubMed as a resource to search for
relevant articles. The preliminary search keywords included
words related to MIS (laparoscopy, laparoscopic, minimally
invasive), words to describe instrumentation (instrument,
instrumentation, tool, device, apparatus), words indicating
an improvement (advancement, upgrade), the four proce-
dures of focus (cholecystectomy, hysterectomy, prostatectomy,
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transoral), andanadditionalword (robot) to filter for robotic sys-
tems.The searchkeywordswere thusbewrittenas:

((laparoscopic) OR (laparoscopy) OR (minimally inva-
sive)) AND ((instrument) OR (instrumentation) OR (tool)
OR (device) OR (apparatus)) AND ((advancement) OR
(upgrade)) AND ((hysterectomy) OR (prostatectomy) OR
(transoral) OR (cholecystectomy)) AND (robot)

The search involved exclusion criteria such that only
articles in English and on humans are featured. This search
then was critically evaluated, and all irrelevant articles as
well as reviews were eliminated from the final selection.
Irrelevant articles included those only mentioning the key-
words and not showing a surgical experiment, articles test-
ing a simulation device for use in training or other
academic tests, articles discussing only postoperative pro-
cedures without discussing a robotic system, and articles
discussing biopsies instead of true laparoscopic proce-
dures. A flowchart of the search is shown in Figure 1.

RESULTS

The search yielded 142 results when inputting the keywords
into the PubMed database. Once the reviews were elimi-
nated, 60 articles were evaluated for exclusion. Irrelevant
articles were eliminated, and 44 results were included in the
discussion. Table 1 shows that the search brought up 7
articles on hysterectomies, 12 on prostatectomies, 6 on chol-
ecystectomies, 10 on transoral surgery, 2 with multiple dif-
ferent procedures, and 2 that were preclinical models
without a specific surgical procedure. Multiple articles were
included that assessed a specific procedure separate from
the original search terms highlighting 4 procedures; these
articles were included due to relevance to the review’s pur-
pose. The article findings are listed in Table 2, which shows
the trends that are explored in the following section.

DISCUSSION

Laparoscopic surgery has evolved advantageously in many
surgical endeavors, where the da Vinci surgical system pro-
vides robotic assistance and enables the surgeon to operate
outside of the operating field in a comfortable setting. As
the most advanced robotic surgical system currently avail-
able, it has dominated the surgical discipline. Though not
every procedure significantly benefits from the use of this
platform in terms of patient outcomes, many complex pro-
cedures require the da Vinci for intricate or tedious sur-
geries.17 There are multiple studies evaluating the da Vinci
for a specific procedure, inquiring of its feasibility, or

following up with multiple cases to ensure its efficacy. Many
studies found multiple advantages in addition to equivalent
performance to that of traditional laparoscopic surgery.

Evaluating the da Vinci Surgical System

Hysterectomies
The article by Advincula et. al. showed the ability of a
robotic system to streamline hysterectomies by walking
through a typical procedure using the da Vinci robot. Their
da Vinci system included the EndoWrist® instruments,
which provided the surgeon with greater feedback and thus
reduced the fulcrum effect: a consequence of a pivot point
on a surgical instrument which forces the surgeon’s hand to
move in the opposite direction of the end of a tool, making
laparoscopic surgery unintuitive.18 Though the da Vinci is
able to reduce the fulcrum effect, there are still noted limita-
tions such as lack of haptic feedback.19–22 Some teams uti-
lized alternative methods to correct for this particular
disadvantage. In a 2005 case study looking at the da Vinci’s
performance for multiple hysterectomies, a KOHTM cervical
cup was used as a landmark.23 Sarlos et. al. directly com-
pared robotic and conventional laparoscopic hysterectomies
in a matched case-control study published in 2010.20 This
study also used the EndoWrist® forceps in the cohort utiliz-
ing the da Vinci as a part of the established surgical tech-
nique. A part of this study was to evaluate each technique
subjectively through a questionnaire given to the surgeons,
which revealed that a major advantage to robotic surgery is
increased ergonomics and range of motion. Operating time
and total costs were the only significant differences, both
showing conventional laparoscopic surgery with the

Figure 1. Flowchart of the search method, showing the inclu-
sion criteria (key terms) and exclusion criteria (reviews, irrele-
vant articles), all from a pubmed search.
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advantage; however, the article mentions its limitations
such as inability to truly perform a cost analysis and not
accounting for the potential for learning curves.
Another limitation that was mentioned is the biased na-
ture of the questions posed, such as “Was the absence
of haptic feedback a disadvantage”. It should be noted
that a hysterectomy is only one common procedure in
the gynecologic setting utilizing robotic or laparoscopic
techniques. The major indications for robotic surgery
listed for the article by Advincula et. al. were endome-
triosis, abnormal uterine bleeding, fibroids, chronic
pelvic pain; and endometrial, ovarian, and fallopian
tube cancer.18 The use of the robot for the three cancers
listed were for staging of these malignancies. In a
review by Truong et. al, it is also noted that robotic as-
sistance is utilized in a variety of procedures in addition

to hysterectomies since Advincula et. al, such as
myomectomy, endometriosis surgery, sacrocolpopexy,
adnexal surgery, tubal reanastomosis, and cerclage.24

The review discusses each of these indications and notes
either equal performance with robotic assistance or improve-
ments. Some improvements were increased ability to perform
more complicated procedures, better ergonomics with obese
patients, and enhanced3Dvisualizationof the surgical field.

Prostatectomies
Laparoscopic prostatectomies were praised initially for
their minimally invasive nature but were hard to perform

Table 1.
Comparison of the Search Results by Surgery Type and Study

Type

Subgroups References

Surgery Type

Hysterectomies 18, 20, 23, 43, 49, 54, 55

Prostatectomies 17, 25, 26, 27, 28, 29, 30, 51, 52,
53, 57, 59

Cholecystectomies 22, 31, 39, 41, 44, 48

Transoral surgeries 19, 21, 33, 35, 36, 37, 38, 45, 46,
63

Ureteroneocystostomy 56

Gastro-oesophageal
surgery

34

Roux-en-Y
hepaticojejunostomy

32

Colposacropexy 42

Anterior pelvic
exenteration with
radical vaginectomy

60

Multiple 15, 50

N/A* 40, 62

Study Type

Clinical trials 17, 20, 59

Case reports 18, 27, 31, 32, 38, 41, 42, 43, 55,
56, 60

Case studies 15, 22, 23, 25, 26, 28, 29, 30, 33,
34, 36, 44, 45, 48, 49, 50, 53, 57

Preclinical models 19, 21, 35, 37, 39, 40, 46, 51, 52,
54, 62, 63

*Preclinical model without definitive procedure.

Table 2.
Stratification of the Article Findings

Article Findings References

Evaluation of the da Vinci
(multiport)

18, 20, 21, 22, 23, 26, 27, 28, 29,
30, 31, 33, 35

Criticism: haptic
feedback

19, 20, 21, 22, 28, 32, 40, 44, 46,
62, 63

Acknowledgement: 3D
Visual Field

15, 17, 18, 20, 22, 23, 26, 28, 31,
32, 34, 36, 43, 46, 54, 59, 60

Traditional Laparoscopic
Surgery Advancements

29, 36, 41, 42, 44, 48

Adjustments made during
surgery using da Vinci

23, 26, 30, 35, 51, 54, 55, 56

Novel Systems/Devices 19, 38, 36, 39, 40, 41, 42, 43, 44,
45, 46, 60

NOTES non-da Vinci
devices

38, 39

Novel Robotic
Manipulator

40

PercuvanceTM

Percutaneous Surgical
System

41, 42, 43

Senhance® Surgical
System

44

Medrobotics FlexTM

System
19, 45, 46

Endoeye Flex 3D
Videoscope

36, 43, 60

Single-site Surgery 39, 48, 49, 50, 51, 52, 53, 54, 55, 56

da Vinci SP Platform 48, 49, 50, 51, 52, 53, 54, 55, 56

Novel Single Port Device 39

Telesurgery 62

Microsurgery 63

3D, three-dimensional; NOTES, natural orifice transluminal en-
doscopic surgery.
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and constantly evolving even before robotic systems
gained traction. Stolzenburg et. al. discussed a novel extra-
peritoneal approach to radical prostatectomies in 2003 to
account for complications that occur with the conventional
transperitoneal route.25 The extraperitoneal technique was
utilized in the study by Esposito et. al. in their assessment of
a fourth arm for robot-assisted radical prostatectomy with
the da Vinci system.26 Though the 2003 study was per-
formed with traditional laparoscopic methods, it was men-
tioned that the use of a robotic arm was especially
important to improve ergonomics as well as remove the
need for an extra assistant. The article by Lee et. al. also dis-
cussed the use of only a single assistant during robotic lapa-
roscopic radical prostatectomies, which differed from the
traditional use of two assistants in prior procedures.27 The
single assistant would stand adjacent to the robot, which
had three arms controlled by a surgeon seated at the con-
sole outside of the sterile field. The article discusses proper
port placement when a single assistant is involved, but the
protocol for this article is specific to a robotic surgical sys-
tem with three arms and only for this particular surgery.
Though it was only for a specific type of surgery, the article
implies that the presence of a robotic system in any setting
will reduce the amount of required assistants. Traditional
laparoscopic procedures would be unable to do this with-
out the advancements provided by a robotic system.27 Zorn
et. al. evaluated the da Vinci in terms of error rates, meas-
ured by system failures and conversion to open surgery,
and found that the system is reliable and safe in that none
of the failures culminated in patient injury.28 A 2006 study
by Kaufman et. al. introduced the idea of using the postop-
erativemanagement defined for robotically assisted laparo-
scopic prostatectomies to increase postoperative outcomes
for open radical prostatectomies, opening up a dialogue to
continue to improve standards after the da Vinci system
was implemented. The changes in management related to
diet, pain medication, and drain management, and these
changes correlated to decreased complications and read-
missions for open prostatectomies.29 Postoperative out-
comes for prostatectomies are still being evaluated;
however, minor adjustments to the surgical procedure can
be made to improve those outcomes. A study published in
2017 by Cestari et. al. evaluated a technique to improve
robot-assisted radical prostatectomy outcomes, where a
novel 6-branch autologous suburethral sling is applied dur-
ing the procedure as opposed to a simple sling.30

Cholecystectomies
In 2007 Kang et. al. described a single case using the da
Vinci system for a cholecystectomy in 2007, arguing for
increased use of the system as the advantages were great

enough to promote this system for use with more com-
plex diseases.31 A 2008 article by Jayaraman et. al. dis-
cussed multiple cholecystectomy cases, coming to the
same conclusion, as laparoscopic cholecystectomies are
highly standardized and common.22 One unique disad-
vantage this article mentioned was the size of the robotic
system, which added to difficulty for the surgical team to
navigate the operating room. The search brought up an
additional study that involved a Roux-en-Y hepaticojeju-
nostomy by Prasad et. al., which was found because it
was performed to correct a cholecystectomy bile duct
injury.32 It was said that the da Vinci reduces the com-
plexity of this reparatory procedure, mostly due to its 3D
view rather than the 2D view of traditional laparoscopy.
In addition, Prasad et. al. mentioned there is a greater
mobility achieved with the da Vinci system.

Transoral Surgeries
Hatten et. al. retrospectively reviewed multiple cases
requiring oropharyngeal reconstruction in which transoral
robotic surgery (TORS) was conducted, which was
required due to the difficulty in operating site accessibility
for traditional laparoscopic surgery.33 In 2002, successful
gastro-esophageal reflux repair using the da Vinci was
performed using multiple ports, but in 2015, the da Vinci
was evaluated for transoral use in the pediatric airway
with cadaveric models with more limited success, owing
to the confined area of operation.34,35 An alternative to
TORS, transoral endoscopic ultrasonic surgery, was eval-
uated in oropharyngeal tumor resections and was found
to be feasible as well as more cost-effective.36 This
method combined traditional laparoscopic techniques
with an ultrasonic scalpel, which coagulated tissues with
a lower heat and thus reduction in tissue injury. This tech-
nique was described as similar to microscopic laser sur-
gery; however, the use of the endoscope allowed the
technique to be performed without an external incision.
Smartt et. al. discussed the use of the da Vinci robotic sys-
tem for pediatric posterior pharyngeal flap surgery, which
was successful in the preclinical model.21 Their experi-
ence was overall positive, though disadvantages were
noted such as diversity of equipment for use in subspe-
cialties such as pediatric plastic surgery. The major
advantage listed was the increased ergonomics during
surgery, as this specific procedure is challenging. Another
advantage was visualization of velopharyngeal ports,
which a robotic system can manage more easily.21

Richmon et. al. describes a feasibility study within the pre-
clinical model of TORS applied to thyroidectomies, which
could possibly reduce scarring postoperatively.37
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Novel Systems/Devices

Natural Orifice Transluminal Endoscopic Surgery
Non-da Vinci Devices
Natural orifice transluminal endoscopic surgery (NOTES)
is a specific technique that prevents scarring, as the endo-
scope is passed through a natural orifice such as the
mouth or urethra. Limitations with NOTES are similar to
the limitations in laparoscopic surgery: flexibility is re-
stricted and procedures can be overly complex. The
search brought up NOTES in five nonreview articles.
Gettman et. al. discussed the use of the bladder as a possi-
ble entryway for NOTES in a single case, where a flexible
ureteroscope allowed for entry and proper visualization
of the peritoneal cavity.38 This study only demonstrated
the feasibility of the urethra and bladder as a potential nat-
ural orifice; however, and once the new portal for NOTES
was established, the surgery was then transitioned to the
multiple ports using the da Vinci robotic system. An
advantage to a transurethral port versus a transgastric port
are decreased risk of infection, increased visualization of
anatomical structures, anesthetic safety by airway proxim-
ity, and improved healing after closure.38 The 2008 article
“The mechatronic support system HVSPS and the way to
NOTES” discussed the possibility of improving NOTES
procedures by introducing a robotic platform with three
manipulators each with varying degrees of freedom.39

The goal of this device was to improve NOTES rather than
improve surgical outcomes, as such this procedure is
lengthy and difficult to perform. This device was first
developed for laparoscopic surgery, but there have not
been any further developments as of this review.

Novel Robotic Manipulator
One article was able to take lessons learned from multi-
port robotic surgical systems and apply it to issues regard-
ing systems for single port surgery by applying more
pivot points to the robotic arm.40 Kobayashi et. al. dis-
cussed a novel system with six degrees of freedom
(DOF), which is greater than traditional single port robotic
systems, allowing for greater visualization of the anatomi-
cal structures. Similarly, robotic surgical systems were
built with more DOF than traditional laparoscopic techni-
ques allowed. Extra DOF are applied with two joints
within the robotic arm (2 DOF each), rotation within the
end-effector (1 DOF), and translation of the base (1 DOF).
The device was successful in preclinical models, and once
improved could potentially change current single port
devices.40 Heller et. al. also discussed the advantage of
degrees of freedom with the robotic system as opposed to
the laparoscopic technique and included that the camera

system of the robot prevents the need to interrupt the sur-
gery to move the camera.34

PercuvanceTM Percutaneous Surgical System
Evaluation of the PercuvanceTM percutaneous surgical
system (PSS) was noted in three separate reports, each
discussing a different type of surgery with varied techni-
ques. PercuvanceTM is a surgical instrument that can be
inserted without a trocar into the skin, which allows for a
decreased incision size and is generally less invasive.41

Romano et. al. discussed the use of the PSS in nerve-spar-
ing laparoscopic colposacropexy, where a vaginal pro-
lapse was corrected successfully, and Rossitto et. al.
performed a successful total laparoscopic hysterec-
tomy.42,43 Both these studies were early in the develop-
ment of the PSS. The latest report was published in 2018,
evaluating the PSS for laparoscopic cholecystectomy. This
study discussed disadvantages such as prolonged opera-
tion time and instrumentation mishandling but can be
overcome with product updates and learning curves.41

Senhance® Surgical System
The Senhance® system is a new robotic platform that per-
forms similar to the da Vinci, but has an additional eye-
tracking feature, where the surgeon can move the laparo-
scope with eye movement. The article by deBeche-Adams
et. al. discussed the presence of a learning curve involved
with this feature.44 They also explained the system’s bene-
fits, which include improved haptic feedback and ergo-
nomics, as well as decreased costs with reusable
instruments. They listed disadvantages such as limited
number of instruments, issues with a bulky console, limi-
tations with required calibration for eye-tracking, and pro-
cedure-specific constraints. However, the relative novelty
of the system suggests the possibility of improvements
with upgrades.44

Medrobotics FlexTM System
The Medrobotics FlexTM System, a computer-assisted flex-
ible endoscope, was evaluated for transoral surgery in
multiple cadaver models and surgical applications.45 Used
on multiple cadaver models, its flexibility allowed for
greater access to visualizing the hypopharynx and naso-
pharynx. It was reported that this system had better haptic
feedback than other robotic systems, owing to the flexible
as well as compact components.19,46 These preclinical
models were shown to be feasible, and a final article by
Remacle et. al. discussed the first surgical application of
the system for transoral surgery.45 Though the team found
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the system promising, as of the article the system had not
been in use and still needed improvement. More recent
data was obtained on this robotic system with positive
responses.47

Single-Site Surgery

Single site or single port surgery is a division of robotic sur-
gery that only requires a single incision, for example
through the umbilicus in abdominal surgery. Single site
surgery can be performed in many different procedures,
such as laparoendoscopic-single-site surgery (LESS), LESS-
PR (radical prostatectomy), robotic-single-site radical hys-
terectomy, single port ureteroneocystostomy, single port
cholecystectomy, and others. Traditional single-site surgery
has a longer learning curve and operating times due to the
limited space for laparoscopic instruments to move.
Podolsky et. al. wrote an article in 2009 discussing their
transumbilical approach to single port access cholecystec-
tomy, where five cases were evaluated for operative and
postoperative outcomes using this technique.48 In this
instance, articulating instruments were preferred over rigid
instruments to better visualize the cystohepatic triangle.
Despite the initial success, without a way to improve spa-
tial constraints or ease of technique the limitations involved
in performing single-site surgery via traditional methods
outweighed the benefits of increased cosmetic and other
postoperative outcomes.49 The major advantage to single-
site surgery is the decreased invasiveness due to the single
incision, as well as its potential as an alternative to NOTES
in aerodigestive surgeries, which is limited by suitable
equipment. The transition to robotic single site surgery
with the da Vinci S® robot was reported by Kaouk et. al. in
a multipatient study, which discussed the procedures and
outcomes across different surgeries (nephrectomy, pyelo-
plasty, etc.), all of which involved a single transumbilical
port.50 This initial report of the robotic system demon-
strated the ability of that system to improve the surgeon’s
comfort, though the article data was not obtained in a con-
trolled trial.

The da Vinci SP® Platform
Some articles discussed single surgical techniques in case
reports or studies and evaluated or reflected on the per-
formance of the single port robotic system. The 2018 arti-
cle by Garisto et. al. discussed a transperineal approach to
ileal conduit and urinary diversions, where a single port
was utilized.51 Port access was aided by a GelPOINT®

Mini advanced access platform, where a flexible mem-
brane surrounds the instrumentation of a single arm of the

da Vinci SP1098 system. This team wrote another article in
2019, reporting a similar technique for single-port trans-
perineal cystoprostatectomy, which included diverting
urinary drainage through an ileal conduit and a lymph
node dissection, all using the da Vinci SP® platform.52

Both articles included a walkthrough of a single case, dis-
cussing a successful procedure without the need to transi-
tion to multiple ports. Gaboardi et. al. studied multiple
cases with the robotic laparoendoscopic single site radical
prostatectomy procedure and discussed drawbacks to the
da Vinci single site platform, noting the weakness of the
needle holder, the lack of the EndoWrist® add-on from
previous da Vinci models, and instrumentation conflicts.53

The authors recommended modified techniques until the
platform was improved. The article by Escobar et. al.
describes an early look at docking and suturing considera-
tions for successful hysterectomies in a cadaveric model
performed with the da Vinci single site platform; however,
the article is from 2012 and there are more recent clinical
studies, which were not identified in the search but have
been published regarding robotic single site hysterecto-
mies.54,55 Hye-Sung Moon published a report on how to
improve single site hysterectomy, describing the best
technique to avoid difficulties in vaginal cuff suturing.55 A
ureteroneocystostomy was performed in 2019 by Hebert
et. al. using the da Vinci SP® platform, commenting on the
“snake-like” articulation of each instrument owing to their
multiple joints.56 Robotic-assisted simple prostatectomy is
one of multiple procedures as treatment for benign pros-
tatic enlargement, and was also adapted to a single-port
platform. Steinberg et. al. described this technique with
multiple cases in 2019 and it was determined to be feasi-
ble and effective, though with low external validity as all
data was acquired through one surgeon’s efforts.57 One
issue encountered was limited camera mobility if all 3
robotic arms were used. Using a second robotic system
was required to allow the camera and the instruments to
move separately. This hindrance could suggest improve-
ment with a traditional laparoscopic approach, where all
instruments, including the laparoscope, are separate.

Novel Single Port Device
Highly versatile single port system, is a system developed
by Can et. al. as a more flexible instrument to improve sin-
gle-port laparoscopic surgery.39 Introduced in 2008, the
system has not had any updates since. The system was
last presented by Can et. al. at a conference and described
the purpose of the system to be used for NOTES rather
than as an improvement to more traditional laparoscopic
procedures.58

April–June 2022 Volume 26 Issue 2 e2022.00002 7 JSLS www.SLS.org



Clinical Trials

In the search, only 3 clinical trials were relevant. The old-
est clinical trial was conducted in 2006 regarding robotic-
assisted laparoscopic prostatectomy, which is now a com-
mon procedure.59 One interesting finding was the
improvement in operative time for the later surgeries by
the same team, though it is mentioned that their times
were longer than other publications had reported due to
certain obstacles, such as a lack of initial training with the
robot and a higher rate of patient obesity in their cohort.
The 2011 clinical trial to compare the newer model of the
da Vinci (the da Vinci S®) and the original model noted
the S robot was built with improvements such as
increased range of motion and newer docking system,
and mentioned an exclusion criteria for the study in which
the S robot was specifically requested.17 The technical
advantages were not discussed further, as the article’s pur-
pose was to show differences in postsurgical outcomes.
Overall, the only statistically significant difference was the
mean operative time; the S model decreased mean operat-
ing time by 22minutes, and the author theorizes that the
improved operating time is due to the docking system.
The lack of improvement in other areas suggests that the
newer model is primarily improving ease of use by the
surgeon and patient outcomes are not affected. The new-
est clinical trial, conducted in 2018, looked at the feasibil-
ity and safety of robotic single site radical hysterectomy in
addition to pelvic lymphadenectomy specifically, and rea-
soned that LESS is a procedure with cosmetic and nonin-
vasive benefits, but is increasingly challenging due to
angular constraints in regards to the surgical instru-
ments.49 The study was prospective and applied the tech-
nique to 20 total patients, performing slightly different
subtypes of the surgery and recording data such as post-
surgical outcomes and other surgical parameters. Though
much data was recorded, no statistical analysis was per-
formed as this was a pilot study with a small number of
patients, which limits the use of this data. However, the
study discussion provided valuable insight into the surgi-
cal technique itself, referencing methods to avoid certain
obstacles, such as the use of a straight needle during
medialization of the umbilical arteries, which shows the
potential for practical improvements as more surgeons
utilize LESS as a technique.

3D Vision

One advantage of the da Vinci that has been commonly
referenced is the ability to have a 3D view of the surgical
field during surgery. Most agree the 3D view is an

improvement over older 2D laparoscopic imaging sys-
tems, though Zorn et. al. shows that surgeons with greater
experience tended toward less conversion to open sur-
gery even when loss of the 3D view occurred.28 Three
articles within the search that did not operate with the da
Vinci system utilized the Endoeye Flex 3D Videoscope
seemingly to compensate, which was a tool that poten-
tially replaced 3D advantage of the da Vinci. Vizzielli et.
al. discussed the use of this instrument in a laparoscopic
pelvic exenteration with radical vaginectomy and found it
feasible, specifically noting its potential to reduce error
during surgeries performed with less experience.60

Telesurgery

Though only three articles in the initial search discussed
telesurgery, only one was relevant and evaluated in this
review. Telesurgery utilizes the dual platform of robotic
systems and applies it to a greater distance and is becom-
ing increasingly considered as telemedicine services have
grown more prominent.61 The article by Korte et. al. dis-
cusses the impact of time delays when operating a simpli-
fied master-slave robotic system split across two separate
locations.62 Their study looked at a specific task with a
nonsurgical robot to prevent excessive variability with a
more complex robotic system, and the console and device
were in two separate buildings. They found a significant
increase in the time to complete a task as artificially
imposed times increased, but discussed the potential for a
learning curve through novice and experienced user com-
parisons. Though the potential for lag within surgery is a
large hurdle, the use of a robotic surgical system across
two separate locations has implications for increasing the
ability of international medical aid, such as in military or
relief operations.

Microsurgery

Robotic systems are not only used as a replacement for
traditional laparoscopy; they are frequently requested for
microsurgery, requiring microscopic and precise techni-
ques. New devices to improve this application of a robotic
system are being developed. Chauhan et. al proposed a
device for robotic microsurgical forceps with 2 DOF la-
beled RMF-2DOF to improve haptic feedback within a
limited area.63 Haptic feedback is a frequently discussed
criticism of the da Vinci surgical system (Table 2). Their
design addressed this concern by applying a force sensor
to simulate haptic feedback but showed that there was a
learning curve in order to properly benefit from this addi-
tion. This device was created to be used with transoral
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laser microsurgery, which allows the surgeon to enter the
oral cavity with a laryngoscope to access the larynx or
pharynx. This is normally performed with microscopic lar-
yngoscopy without the use of a robotic system. The article
mentions previously established solutions to replace tradi-
tional LM with robotic-assistance; however, specified limi-
tations such as inadequate sizing for tool shafts or issues
with gripping force which are addressed with the RMF-
2DOF device. This device was created recently, and as of
this review, further evaluations of the feasibility or efficacy
of this device have not been published.

Future Considerations

The da Vinci surgical system is built to be able to operate
within a 3D space without requiring assistants to hold
instruments in place. Traditional laparoscopic surgery
requires multiple assistants to at minimum hold the endo-
scope in place and can be physically taxing for compli-
cated surgeries. There is a large gap between robotic and
traditional laparoscopic surgery in terms of technical func-
tions and their utilization in that some procedures may fall
in the middle when seeking for an optimal procedure. As
robotic systems advance, adjustments to traditional lapa-
roscopic surgery can be made to reflect their advantages.
The Endoeye Flex 3D Videoscope specifically mirrored
the ability of robotic systems to view the surgical field in
3D, whether intentionally or otherwise. Similarly, the pre-
cise movements of a completely robotic system could also
have implications for an application of traditional laparo-
scopy where a braking system is applied to each surgical
instrument. In an effort to bridge the gap, an interdiscipli-
nary team of engineering and clinical investigators are
working towards a tangible semirobotic laparoscopy sys-
tem that integrates critical functions of robotic technolo-
gies yet simple enough to be performed in a traditional
laparoscopic surgical environment.

Limitations

The main limitation of this review is the difficulty in per-
forming a search that selects for every relevant article.
When a novel device was included in the original search,
an additional search performed revealed newer articles
that were inexplicably excluded though they had the
same key words. Another limitation to this review is that
while there is an abundance of comparative literature and
case reports from the early days of the da Vinci, this sys-
tem is improving so rapidly that reports on its current per-
formance have yet to be written. In addition, though
many of the reports have a high number of patient data,

much of these reports are conducted by a small number
of surgeons in a single setting.

CONCLUSIONS

The introduction of minimally invasive techniques in the
surgical field has invited a surge of advancements in an
attempt to improve both surgeon and patient experiences.
A review of 44 articles within four different surgical proce-
dures displayed a lack of improvements in traditional lap-
aroscopic surgery and heavy reliance on robotic systems.
Analysis of articles that evaluated the performance of
robotic laparoscopic procedures can aid in the endeavor
to improve traditional laparoscopic surgeries by learning
from the advantages of the fully robotic system.
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